Abstract: The aim of this study was to determine the chemical composition and antioxidant activity of dandelion [Taraxacum officinale (Weber) ex Wigg.] and sea buckthorn (Hippophae rhamnoides Rousi) leaves grown in Poland (53°20′35″N, 14°58′10″E). Both the leaves of sea buckthorn and common dandelion were found to be a very good source of essential nutrients and elements. The dandelion leaves contained significantly more protein, fat, and crude fibre than those from sea buckthorn. Dandelion leaves also contained more phosphorus, potassium, calcium, iron, and zinc. Although the dandelion leaves were a good source of biologically active substances, sea buckthorn leaves exhibited a significantly higher level of antioxidant activity as measured by ABTS. Dandelion leaves were richer in tocopherols, thiamine, riboflavin, and niacin while the sea buckthorn leaves contained higher levels of L-ascorbic acid.
Introduction
Plants are a raw material used by people for food either as edible products or culinary ingredients, for medicinal use, or for ornamental and aesthetic purposes. They are genetically very diverse and play a major role in modern society and economy. Fruits and vegetables are an important component of traditional food and are central to the healthy diets of modern urban populations (Hricová et al. 2016; Sakar et al. 2016; Saridaş et al. 2016; Solmaz et al. 2016) . The common dandelion [Taraxacum officinale (Weber) ex Wigg.] is a species from the Asteraceae family. Its name derives from French:
'dent-de-lion', meaning literally 'lion's tooth', inspired by the shape of its leaves (Schütz et al. 2006) . It occurs commonly in the temperate climate zones of Europe, Asia, and North America.
Dandelion has been used in medicine for centuries, although recently its popularity has significantly decreased. The extracts or juices from its roots and leaves are known to stimulate the liver by increasing the amount of bile, having an antispasmodic effect on the bile ducts and gall bladder, facilitating the flow of bile into the duodenum, and preventing its stagnation (Hassan et al. 2015) . A decoction of the whole plant may be used in treating diabetes and also as a laxative and diuretic (Hernandez-Galicia et al. 2002; Önal et al. 2005) . Dandelion is also used in food products. Young dandelion leaves can be eaten fresh, the roots are roasted and used as an additive in the production of coffee, and dandelion extract is used as a flavor in various food products (alcoholic beverages, soft drinks, frozen dairy desserts, sweets, baked goods, jellies, puddings, and cheese) (Pădureţ et al. 2016) .
The therapeutic effects of raw dandelion are partly related to the antioxidant properties of some of its components; however, reports on this subject are scarce and are mainly concerned with its flowers (Hu and Kitts 2005; Jeon et al. 2008) . Antioxidant activity throughout the plant is very diverse. The strongest antioxidants include polyphenols: flavonoids, isoflavones, anthocyanins, and catechins (Hwang and Thi 2016) and also for carotenoids, ascorbic acid, and tocopherols (Fiedor and Burda 2014; Rizvi et al. 2014) . As antioxidants protect cells against damage caused by reactive oxygen species, it follows that raw materials with a high concentration of antioxidants would likely be used for the production of functional foods to help in reducing oxidative stress, which has been implicated in abnormal cell function and a number of chronic diseases (Wada and Ou 2002) .
Sea buckthorn (Hippophae rhamnoides Rousi) is a plant with high economic potential due to the possibility of using its various parts as a nutritive food source, in cosmetic ingredients, in pharmaceuticals, and as soil enhancers (Grey et al. 2010 ). More than 190 compounds can be found in its seeds, pulp, fruit, and juice. These compounds include fat-soluble vitamins (A, K, and E), fatty acids, lipids, organic acids, amino acids, carbohydrates, vitamins C, B1, and B2, folic acid, tocopherols and flavonoids, phenols, terpenes, and tannins (Bal et al. 2011) .
Despite the growing popularity of sea buckthorn as a source of antioxidants, there is little data on the chemical composition of its leaves. Usually, reports concern the antioxidant and nutritional properties of sea buckthorn fruits (Rop et al. 2014 ). The few remaining publications confirm that the leaves are also a rich source of compounds with anti-inflammatory (Kumar et al. 2013 ) and antibacterial properties (Upadhyay et al. 2011) . Moreover, sea buckthorn leaves have high levels of crude protein and relatively high levels of crude fat and macroelements (Jaroszewska et al. 2016) .
The abovementioned reports confirm the beneficial influence of a diet rich in nutrients and antioxidant compounds on human health; however, the composition of the plants is subject to modification by many factors, including genetics, climate, and soil conditions, which may alter their antioxidant and nutritional properties (Bolling et al. 2010; Alfaro et al. 2013 ).
Therefore, the aim of this study was to determine and compare the chemical composition and antioxidant activity of dandelion (T. officinale) and sea buckthorn (H. rhamnoides) leaves grown in central Europe (northwestern Poland).
An additional aim was to examine whether dandelion and sea buckthorn leaves may be a good source of nutrients and antioxidants compared with dandelion flowers and roots and sea buckthorn fruits and seeds. The present study will also be helpful with regard to the standardization of bioactive content in plant materials.
Material and Methods

Plant materials
The plant samples were collected in 2015 and 2016 from the Experimental Station in Lipnik (53°20′35″N, 14°58′10″E), Poland. The subjects of the study were the leaves of sea buckthorn and dandelion growing on typical rusty soils (Polish Soil Classification 2011) , classified according to IUSS Working Group WRB (2015) . At the Ap level (arable soil -humus horizon), the soil was a slightly acidic loamy sand. The humus level was formed from clay sands. An analysis of soil minerals showed moderate levels of magnesium and potassium and high levels of phosphorus. The levels of metals in the soil did not exceed permissible limits (Ordinance of the Minister for the Environment 2002). The dandelion leaves (without any signs of mechanical damage) were collected during flowering. The sea buckthorn leaves were collected during the harvest from shoots without fruits. Leaves were collected from the external part of the bushes at half of their height from 1-yr-old shoots with no signs of aging or mechanical damage.
After cleaning and cutting into 1-cm pieces, the collected material was placed in a drying oven (SML, Zalmed, Poland) at 30°C-35°C, with a constant air flow velocity of 0.5 m s −1 for 48 h. The thickness of the dried raw material layer was 1 cm. The dried plant material was packed into paper bags (20-30 g each) and stored in the dark at 15°C and 65% humidity until chemical analysis. For analysis, the material was ground in a Knifetec 1095 laboratory mill (Foss, Hilleroed, Denmark).
Climatic conditions
Meteorological conditions during the study (2015) (2016) were favourable for the cultivation of both plant species (Table 1) . The second year of research was warmer and wetter, with a 14.7 mm higher rainfall and about 0.4°C higher temperature. The chosen years of the experiment were drier and warmer than the 
Proximate composition
To determine dry weight, samples were dried at 105°C to a constant weight. The basic chemical composition (total protein, crude fat, crude fibre, total ash, and total carbohydrates) was determined according to Association of Official Analytical Chemists 2012. Crude fat was determined by the Soxhlet method with diethyl ether as solvent; total ash by incineration in a muffle furnace at 580°C for 8 h; total protein (N × 6.25) by the Kjeldahl method using a Büchi B-324 distillation unit (Büchi Labortechnik AG, Flawil, Switzerland); crude fibre was determined with an ANKOM 220 fibre analyser (ANKOM Technology, Macedon, NY), nitrogen-free extract (NFE) was estimated according to the formula NFE (%) = 100 − (% moisture + % crude protein + % crude fat + % ash + % crude fibre).
Mineral components
The concentration of phosphorus was determined by the colorimetric method using a Specol 221 apparatus (Carl Zeiss Jena GmbH, Jena, Germany). An atomic absorption spectrometer (ASA) (iCE 3000 Series, Thermo Fisher Scientific, Waltham, MA) was used to determine potassium and calcium by emulsion flame spectroscopy while magnesium, iron, zinc, copper, and lead were determined by of absorption flame spectroscopy. The material for macrocomponent concentration analyses was mineralised in concentrated sulfuric acid (H 2 SO 4 ) and perchloric acid (HClO 4 ). The material for micro-component concentration analyses was digested in a mixture of nitric acid (HNO 3 ) and HClO 4 .
Total polyphenols content
For total polyphenols, total flavonoids, and antioxidant activity determination, methanol extracts were prepared according to the method presented by Kumaran and Karunakaran (2007) . The total phenolic content of plant extracts was determined using Folin-Ciocalteu reagent (Yu et al. 2002) . 0.1 mL of leaf extract was mixed with 0.5 mL of Folin-Ciocalteu reagent and 1.5 mL of 20% sodium carbonate. The mixture was shaken thoroughly and diluted with distilled water to 10 mL and left to stand for 2 h. Absorbance was determined at 765 nm. Phenolic content was estimated using a standard curve obtained from various concentrations of gallic acid. As such, total polyphenol content in the samples was calculated as the amount of gallic acid equivalent in mg kg −1 of the sample dry weight.
Total flavonoids content
The total flavonoids content was determined by the Kumaran and Karunakaran (2007) method using quercetin as reference. A 1 mL aliquot of plant extract in methanol was mixed with 1 mL aluminum trichloride in methanol and a drop of acetic acid and then diluted with ethanol to 25 mL. The absorption at 415 nm was read after 40 min. Blank samples were prepared from 1 mL of plant extract and a drop of acetic acid and then diluted to 25 mL with methanol.
Total carotenoid content
Carotenoids were extracted with an 80% solution of acetone and determined according to Lichtenthaler and Welburn (1983) . These compounds were determined at 440 nm, after having subtracted the concentration of chlorophyll A and B using 663 and 645 nm, respectively, and the corresponding absorption coefficients at which the carotenoids were not absorbed.
Antioxidant capacity
The antioxidant capacity was assayed by the Trolox equivalent antioxidant capacity method (Re et al. 1999 ). This method is based on the generation of a stable coloured free radical in an aqueous solution and the measurement of antioxidant capacity, or free radical scavenging, as the decrease in the absorbance of the coloured solution in a ultraviolet-visible spectrometer following addition of the antioxidant. The radical used was 2,2′-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) with an absorption maximum of 734 nm. solution was diluted with deionized water (approximately 50 to 1 water to solution ratio) to give an absorbance close to 0.70 at 734 nm. A 3 mL aliquot of ABTS •+ solution was put into the cuvette in the spectrophotometer and absorbance measured. An aliquot of 30 μL of methanol extract was then added and a second absorbance reading taken after 6 min, by which time the decolouration was effectively complete.
Tocopherol content
Tocopherols were extracted from plants samples with hexane and were determined by the method described by Prieto et al. (1999) . A sample volume of 0.5 mL of hexane extract was mixed in a test tube with 5 cm 3 of reagent solution (0.6 M sulfuric acid, 28 mmol L −1 sodium phosphate, and 4 mmol L −1 ammonium molybdate) and incubated at 37°C for 90 min with vigorous shaking. Absorbance of the aqueous phase at 695 nm was measured against the appropriate blank containing 5 mL of reagent solution and 0.5 mL of pure hexane incubated under the same conditions as the samples. A Shimadzu UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan) was used.
Content of water-soluble vitamins
A solution for the extraction of water-soluble vitamins was prepared by mixing 50 mL of acetonitrile with 10 mL of glacial acetic acid and diluted with double-distilled water to 1000 mL. A 10 g aliquot of the sample was transferred into a conical flask and 25 mL of extraction solution was added. The flask was placed in a water bath that was kept shaking at 70°C for 40 min. Thereafter, the sample was cooled, filtered, and finally the volume was diluted to 50 mL with extraction solution (Aslam et al. 2013 ).
The levels of vitamins thiamine (B1), riboflavin (B2), ascorbic acid (C), and niacin (PP) were measured in the extracts using the high-performance liquid chromatographic method described by Kłódka et al. (2008) . A series 200 instrument produced by PerkinElmer (Waltham, MA) and a Hypersil ODS column (Thermo Fisher, 150 mm × 4.6 mm, 5 μm particle) were used. The mobile phase was 50 mM KH 2 PO 4 (A) and methanol (B) in a gradient from 0% to 30% A for 8 min and then maintained for 7 min. The flow rate was 1 mL min −1 .
The detection wavelength was 245 nm and the injection volume was 20 μL. Retention and recovery times for C, B1, PP, and B2 were 1.95, 5.50, 7.20, and 9.80 min and 96.20, 93.51, 89.53, and 92.41 min, respectively.
Statistical analysis
The results of the experiment were analyzed using Statistica version 12.0 (StatSoft/TIBSCO Software Inc., Palo Alto, CA). The significance of differences in chemical composition of the analyzed plant samples was performed by one-way analysis of variance after assessing the normality and homogeneity of variance. The significance of differences between means was compared by Tukey multiple range tests (the admissible error for determinations of chemical components was 5%). Results were presented as the means of three independent determinations.
Results and Discussion
Proximate composition
The oldest method of herb preservation is drying, which is associated with the loss of water and inactivation of enzymes when begun immediately after harvest. Properly dried herbs do not ferment or get mouldy and the levels of their active substances do not change over a long time. In this study, in the fresh material, dry matter (DM) was higher in the leaves of the sea buckthorn (29.1%) than in the leaves of dandelion (approximately 11.5%). Drying resulted in an increase of the proportion of DM to 94.1%-95.3% (Table 2) . Note: Mean values with the same letter in each row are not significantly different at P ≤ 0.05; NFE, nitrogen-free extract.
The leaves of the tested plants were characterized by a considerable diversity in mineral content. Sea buckthorn leaves contained significantly less crude ash than dandelion leaves (by about 71.6%). Protein level was high in the dandelion leaves, at 19.1% of DM, while in the sea buckthorn leaves it was about 36% lower, which is consistent with the results obtained by other authors (Escudero et al. 2003; Kashif and Ullah 2013) . Dandelion leaves also had a higher level of lipids than the leaves of the sea buckthorn. The DM of dandelion leaves contained 6.03% crude fat, 16% more than sea buckthorn. Crude fibre content varied, ranging from 8.73% to 10.8% of DM, and was higher in the dandelion than in the sea buckthorn. The main component of DM was total carbohydrates (NFE). The concentration of these compounds was significantly higher in sea buckthorn. The observed higher levels of crude fat, crude fibre, crude protein, and total carbohydrates in the leaves of dandelion is likely due to the differences in the anatomy and physiology of these two plants.
Mineral components
Minerals found in nutritional supplements can be defined as a group of substances essential for normal metabolism, growth and development, body structure, regulation of cell function, and electrolyte balance in body fluids (Tokalıoğlu et al. 2014) .
In this study, the concentration of individual elements depended significantly on the species (Table 3) , with the exception of phosphorus, which presented an average of 0.515 g 100 g −1 DM for both analysed species. This level is consistent with the results of Jaroszewska et al. (2016) , who reported that the leaves of sea buckthorn contained an average phosphorus level of 0.51 g 100 g −1 DM and those given by Harrington et al. (2006) , who found an average phosphorus content in the leaves of common dandelion of 0.57 g 100 g −1 DM.
In this study, dandelion leaves contained more than three times more potassium and more than two times more calcium than the leaves of sea buckthorn. The leaves of dandelion had potassium and calcium levels of 6.51 and 0.67 g 100 g −1 DM, respectively. According to the available data in literature (Harrington et al. 2006) , dandelion leaves contain an average of 3.43 g potassium and 0.96 g calcium 100 g −1 DM. For perspective, Gallaher et al. (2006) showed that 3.5 cups of dandelion infusion provided a good source of potassium (10% daily value). In this study, sea buckthorn leaves contained 1.83 g potassium and 0.32 g calcium 100 g −1 DM, which is very different from the results presented by Kashif and Ullah (2013) in Pakistan, which were 14.5 g potassium and 1.52 g calcium 100 g −1 DM. This discrepancy may result from the genetic, climatic, and soil differences.
Out of the analysed macronutrients, only magnesium content was significantly higher in the leaves of sea buckthorn, 17% more than in dandelion. The level of magnesium in sea buckthorn was 0.28 g 100 g −1 DM, which was 27% greater than the value (0.22 g 100 g −1 DM) reported by Jaroszewska et al.
(2016) for sea buckthorn leaves cultivated in the same habitat conditions and harvested the year before this experiment. The significant differences in magnesium levels between the years probably result from meteorological conditions. The tested dandelion leaves had 31% less magnesium in comparison with leaves collected in New Zealand (Harrington et al. 2006 ). Also, the tested leaves of sea buckthorn contained smaller amounts of micronutrients (Table 3) . A more desirable composition of micronutrients was found in the dandelion leaves, which contained more than two times more iron than the sea buckthorn leaves. The dandelion leaves also had higher levels of zinc and copper, which are components of antioxidant enzymes and play an important role in the functioning of the antioxidant system (Clapés et al. 2013 ). The dandelion leaves contained 6% more zinc and 28% more copper than those of sea buckthorn. It has been reported that the iron level in the leaves of dandelion ranged from 0.16 to 46.2 mg 100 g −1 DM, zinc ranged from 2.14 to 6.93 mg 100 g −1 DM, and copper ranged from 0.50 to 1.82 mg 100 g −1 , depending on the habitat (Giacomino et al. 2016) , which is consistent with the results of this research. In the study of Popescu et al. (2010) where mineral concentrations in plant leaf, fruit, and vegetable material were determined, the highest levels of iron and zinc were found in sea buckthorn leaves. According to Kashif and Ullah (2013) , the leaves of the sea buckthorn contain an average of 22.4 mg iron, 2.7 mg zinc, and 3.93 mg copper 100 g −1 DM, which are greater concentrations of iron and copper than in this study.
Lead is one of the most dangerous elements for plants, animals, and humans. In humans and animals, it affects the central and central nervous system, the haematological system, and the kidneys and liver. In plants, it may cause disorders of photosynthesis and water balance. Plants contain small amounts of lead, which may significantly increase when exposed to lead contamination in the soil and air; however, lead was not detected in the examined leaves of dandelion and sea buckthorn.
The quality of the edible parts of a plant are determined not only by the content of macroelements and microelements but also their mutual proportions (Kotowska and Wybieralski 1999) . Ca to P ratio was greater than one in the common dandelion leaves, which indicates that they are a good source of minerals essential to bone formation. A Ca to P ratio higher than one indicates a good quality food source, while a ratio lower than 0.5 indicates a poor quality food source (Ihedioha and Okoye 2011) . Calcium assimilation by the body depends not only on its content in the products but also on the proportion to the other elements, particularly phosphorus and magnesium. For example, an excessive consumption of phosphorus may result in the loss of bone mass. An excess of phosphorus in the diet combined with a low supply of calcium can affect the hormone that regulates calcium metabolism and vitamin D synthesis (Takeda et al. 2014) .
The Ca to Mg ratio in the studied leaves of the dandelion and sea buckthorn did not exceed the threshold level of 3; a magnesium deficiency is indicated above 3 (Majkowska-Gadomska and Wierzbicka 2008). According to Šelih et al. (2014) , the elemental composition in plants depends on internal factors, the application of fertilizers, and local fertility conditions because the elements are absorbed from the soil, which is confirmed by the results of this experiment.
Total polyphenols, flavonoids, and carotenoid content
In this experiment, it was demonstrated that the leaves of sea buckthorn contained more than ten times more polyphenols and more than four times more total flavonoids than those of dandelion (Table 4 ). The leaves of sea buckthorn also had a greater concentration of carotenoids (8%) compared with dandelion leaves. The presence of various biologically active substances in herbal raw materials, including polyphenolic compounds, significantly influences their antioxidant properties. Sea buckthorn fruit is a very significant source of these compounds, with an average of 38.0 mg 100 g −1 DM flavonoids and total carotenoids in the range of 53.0 to 97.0 mg 100 g −1 DM (Chu et al. 2003; Pop et al. 2014) . Similarly to the presented results, some publications (Geetha et al. 2003; Upadhyay et al. 2011) confirm that the plant leaves are also a rich source of compounds with anti-inflammatory and antibacterial properties.
Antioxidant capacity
Compared with the dandelion leaves, sea buckthorn leaves showed two times higher antioxidant activity measured by ABTS assay (Table 4) . High levels of phenols were consistent with the large capacity of sea buckthorn leaves to neutralize ABTS. Ivanov 2014 states that dandelion is a good source of biologically active compounds and has desirable antioxidant properties.
Tocopherol content
Dandelion leaves contained almost three times more tocopherols than sea buckthorn leaves (Table 5) at Note: Mean values with the same lowercase letter in each row are not significantly different at P ≤ 0.05; g.a.e., gallic acid equivalent; q.e., quercetin equivalent. Dias et al. (2014) .
Content of water-soluble vitamins
Sea buckthorn leaves contained significantly more vitamin C than the leaves of the dandelion (1.5 times) ( Table 5 ; Figs. 1, 2) . Vitamin C is an electron donor and is therefore a reducing agent and a powerful water-soluble antioxidant (Padayatty et al. 2003) . Pădureţ et al. (2016) found that dandelion leaves are richer in vitamin C than the flowers and roots of the plant. Dandelion leaves are substantially richer in vitamins B1, B2, and PP than sea buckthorn leaves by 86.7%, 80%, and 95%, respectively (Table 5 ; Figs. 1, 2) . Stewart-Wade et al. (2002) showed that dandelion leaves are rich in vitamins B and thiamine.
Conclusions
Both the leaves of sea buckthorn and common dandelion were found to be a very good source of essential nutrients and elements that are necessary for the proper functioning of the body. Dandelion leaves contained significantly more protein, fat, and crude fibre than sea buckthorn leaves. They also contained more phosphorus, potassium, calcium, iron and zinc. Suitable Ca to P and Ca to Mg ratios in the leaves of both species confirm that they are a good source of minerals necessary for calcium homeostasis in the body. Although dandelion leaves were a good source of biologically active substances, a significantly better composition of phenolic compound, carotenoids, and antioxidant activity measured by ABTS assay were found in sea buckthorn leaves. Alternatively, the dandelion leaves were richer in tocopherols, thiamine, riboflavin, and PP while the sea buckthorn leaves contained higher levels of L-ascorbic acid. This study shows that the leaves of dandelion and sea buckthorn may be used as good source of biologically active substances in the human diet. 
